ABSTRACT
INTRODUCTION
The increasing demand for modern communication systems to provide high speed multimedia wireless services places very stringent requirements on the systems. The communication systems process message symbols in digital manner with the sole objective of transmitting the symbols and recovering them correctly at the receiving end. This is not entirely an easy process especially in wireless systems where several factors come into play. For instance, limitations in bandwidth, propagation loss, time variance, noise, interference, and multipath fading, among other factors, make the wireless channel a narrow pipe through which data transmission is not very easy [1] .
Wireless systems based on the MIMO technique are employed in applications that require high data rates. In such systems due to the additional antennas and signal processing chains, power problems are attendant issues to be resolved. Consequently, choice of modulation schemes and low power consumption amplifiers are critical in the MIMO systems. This is in addition to the limitation of the antenna size especially for mobile hand held devices. Coding methods and the complexity of the receivers are equally important as they impact directly on the realisation of the expected benefits of the MIMO technique in a commercial manner.
MIMO has become an interesting area of research simply as a result of its potential to give many orders of magnitude improvement in wireless communication performance at no cost of extra spectrum (only hardware and complexity are added) [2] .
THE MIMO SIGNAL MODEL
In a MIMO system where there are M transmit and N receive antennas as shown in fig. 1 , the transmitted data signals pass through multiple paths to get to the receiving antennas. Though not shown on the diagram, but there is also noise that interferes with the data signals along the paths. (1) where r is the received signal vector s is the transmitted signal vector n is the additive white Gaussian noise vector with zero mean and a variance of σ 2 . Equation 1 can also be presented as a system of linear equations given by:-
For a 2x2 MIMO system, the expression reduces to
THE ALMOUTI 2X2 MIMO SCHEME
The encoding and transmission sequence for the two transmit antennas in the Almouti scheme is shown in Table 1 [3] . At time t, S 1 and S 2 are transmitted simultaneously by antennas 1 and 2 respectively. In the next time instant, t + T where T is the symbol duration -S 2 * and S 1 * are transmitted simultaneously by antennas 1 and 2 respectively, where * denotes complex conjugation.
A generalised frame design for the scheme requires a concatenation of 2x2 blocks of the spacetime code is as follows:
Given that the channel coefficients remain constant over two consecutive symbol periods, the signals at the two receive antennas are given by a set of linear equations as follows:-At time t 1 , (3) (4) And at time t 1 +T, (5) (6) where, , , and are complex samples of independent Gaussian distributed noise and interference. The performance of communication systems is, to a large extent, dependent on the type and efficiency of modulation techniques employed. The published performance of Almouti 2x2 MIMO scheme ( fig. 2 ) employed coherent BPSK which uses only real components of the signal constellation in the simulation [3] . If the simulation is carried out using QPSK where both real and imaginary components of the constellation are used, what will the BER performance be? Quite a number of performance results have been reported for different antenna constellations, different environmental conditions, different modulation techniques and a lot more scenarios. For instance, [4] has reported that mutual coupling between antenna elements in a MIMO antenna constellation could be either positive or negative on the error performance of the Almouti scheme. [5] simulated the Almouti STBC in MPSK with increasing number of receiving antennas, and concluded that in Rayleigh fading channels, if the number of receiving antennas is kept constant the performance of STBC improves with increasing number of transmit antennas.
SIMULATION OF 2X2 ALMOUTI MIMO SCHEME
Various MIMO simulation results carried out using MATLAB or C++ with different parameters both in baseband and pass band have been reported in several papers. The methods used for the simulation are very diverse in the choice of the parameters for, say, modulation technique, signal detection, channel model etc. The simulations vary also as a result of the assumptions made in carrying them out.
After setting some parameters such length of symbols, modulation order, simulating the Almouti 2x2 starts with the transmit side where random data is generated as an input information to the system. This data is in the form of 1s and 0s randomly generated with equal probability of occurrence. This data is then split into two, giving rise to data1 and data2 which are fed to a baseband modulator (MPSK or MQAM) from where the symbols S1 and S2 are produced. These symbols are then encoded using the Almouti space-time coding scheme generating the code word given by It is usually necessary, when simulating any system, to have a reference with which to compare and confirm the veracity of the obtained results. As the simulation is for 2x2 system using the Almouti Space Time codes, slow fading Rayleigh channel was assumed in line with the assumptions of [3] . So the encoded Almouti code word is then passed through a simulated Rayleigh slow fading channel perturbed by complex Gaussian noise factors of zero mean and a variance of σ 2 .
It is pertinent to note that, as the channels are randomly generated and assumed known at the receiver, channel estimation is not implemented in the simulation. The received signals which are affected by noise are combined together using equations (7) and (8) to produce outputs C1 and C2 which are then demodulated in the detector.
(8)
SIMULATION RESULTS AND ANALYSIS
The performance curves obtained with MPSK are shown in fig 3. The results show that as the modulation order increases more energy is needed to achieve a given error probability. Increase in the modulation order means an increase in the number of bits per symbol to be processed. For instance, it can be seen that for a BER of 10 -2 almost additional 4dB of energy is required for QPSK over what will be needed with BPSK. Generally we see from the curves in Figure 3 that for the same bit error rate of 10 -2 , going from M = 4 to M = 8 will require about 5.8dB, and from M = 8 to M = 16 about 6dB to achieve the same performance. fig. 3 , while 4QAM is exactly the same as QPSK in performance, there is a distinct difference in the performance of the higher order schemes between both QAM and PSK generally. For instance, we see from fig.3 that, a BER of 10 -3 is obtained at Eb/No of about 11dB for QPSK which is the same for 4QAM in fig. 4 . However, if we look at say 16PSK and 16QAM, we find that to achieve a BER of 10 -2 will require about 3.4dB less when using 16QAM than what will be required for 16PSK (which is approximately 18.6 dB). Fig. 5 shows more closely the direct comparison between the performance of the simulated system using PSK and QAM with modulation order of 16. Here we see that 16QAM is more power efficient than 16PSK and this is attributable to the nature of the signal space diagrams of the two modulation schemes. Even though QAM and PSK both have 2 -dimensional signal spaces, the signal points, in the case of PSK, lie on a circle of fixed radius, , where is the energy per symbol. So, as the modulation order increases, the signal points tend to be more and more crowded together thereby increasing the probability of error. However, for QAM the signal points are distributed in the signal space without being confined to lie on a circle. 6) in terms of power usage (i.e. lower EbNo for a given BER), its data rate is lower. In fig. 6 we see that 16QAM which is more susceptible to noise and interference due to its dependence on amplitude requires relatively more power for a given BER, but it should be noted that it has a higher spectral efficiency when compared with BPSK or QPSK [6] . We see from Fig. 7 that there is just about 1dB additional energy required in the simulated result to achieve the same error performance as the theoretical curve. However, for the 16QAM and 64QAM, the energy required for a given error is much more as can be seen in Figs. 8 and 9 . For a given error probability of 10 -1 , for instance, the energy required in the simulated curve shows the need for approximately 7dB above the theoretical requirement in the case of 16QAM. But, with 64QAM, almost twice that amount of energy is necessary to achieve the same level of performance with the theoretical result. 
CONCLUSION
The Almouti 2x2 MIMO scheme was simulated using both M-ary PSK and M-ary QAM so as to be able to compare the performance. Using the BER tool on the MATLAB, theoretical performance curves for the two chosen modulation schemes were obtained and compared with simulated results. Basic assumptions were made in line with the published work of [3] in simulating the 2x2 system using PSK.. Generally, the curves obtained in the simulations follow the expected behaviour for such modulation schemes.
While we can conclude that QPSK outperforms 16QAM in error performance as could be seen in Fig.6 , it is to be noted that QPSK gives only half the data rate possible with 16QAM. So there has to be a trade-off; get better error performance for less data rate or get more data rate at the expense of degraded error performance.
The 2x2 MIMO systems was simulated in Rayleigh slow fading and with channel perfectly assumed to be known at the receiver. Consequently, further simulation could be suggested where the channel is assumed to be unknown at the receiver, but to be extracted through the received signal. This will then involve channel estimation at the receiver, and furthermore maximum likelihood detection could be employed. These simulations could be done in different modulation schemes and different constellation orders.
For simulations with higher order modulations, the maximum likelihood decoder will be very complex if there are many antennas. And it was noted that one of the advantages of the Almouti scheme is its simple structure and linear processing at the receiver for two transmit antennas. Furthermore, it is not known yet whether for general complex constellations the Almouti spacetime code and the simple linear processing will give the maximum diversity gain when the number of transmit antennas is more than two and this could be another area for future research.
